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Abstract of JP550341 20 

PURPOSE.To maintain excellent properties of 
activated sludge and realize power saving, by 
supplying a minimum necessary amount of air in 
the range not causing drop of breathing activity of 
the activated sludge due to decrease of dissolved 
oxygen (DO). CONSTITUTION:Aeration air 
dispensed from air dispensing pipe 2 is conveyed 
from an air blower 11. This aeration air is 
discharged as exhaust gas from the surface of 
the waste water, and this exhaust gas is sampled 
by an exhaust gas capturing device 3. The 
sampled exhaust gas is ted into an oxygen 
analyzer 4, which detects the difference P 
between the oxygen partial pressure in the 
aeration air and the oxygen partial pressre in the 
exhaust gas, and transmits an oxygen partial 
pressure differential signal P. Receiving this 
signal, an operational unit 7 gives an air flow 
target value signal to an air flow controller 8, and 
drives a motor-driven valve 10 for air flow 
operation so that the deviation between the 
aeration air flow signal F introduced from an air 
flow meter 9 and the air flow target value signal 
may be zero. As a result, a minimum necessary 
amount of air may be supplied into the air 
dispensing pipe 2, and the breating activity of the 
activated sludge may not be lowered. 
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PA-32674 CD 
Ref.3 

Partial English translation of JP-A-55-34120 (Ref .3) 

(page 1, left lower column, line 1 to right lower column, line 
7) 

SPECIFICATION 

1. Title 

DISSOLVED OXYGEN CONTROL METHOD IN ACTIVATED SLUDGE PROCESS 

2 . Claims 

(1) A dissolved oxygen control method i n an activated 
sludge process including an aeration process, comprising: 
using difference P between oxygen partial pressure in 
aeration air and oxygen partial pressure in aeration 
exhaust gas, and aeration air amount F as measurement 
parameters; synthesizing a function from the measurement 
parameters, which has local maximum value or local minimum 
value near a dissolved oxygen concentration at which 
breathing activity of the activated sludge begins to lower; 
and controlling the aeration air amount so that the 
synthesized function becomes to the local maximum value or 
the local minimum value thereof . 

(2) The dissolved oxygen control method according to 
claim 1, comprising: synthesizing a function FP 2 which has 
local maximum value near a dissolved oxygen concentration 
at which the breathing activity of the activated sludge 
begins to lower; and controlling the aeration air amount so 
that the synthesized function becomes to the local maximum 
value thereof. 

(3) The dissolved oxygen control method according to 
claim 2, wherein the local maximum value of the synthesized 
function FP 2 is obtained near 0.4 ppm of the dissolved 
oxygen concentration. 

3 . Detailed Description of Invention 

The present invention relates to a dissolved oxygen 
control method in an activated sludge process, 
specifically, it relates to a dissolved oxygen control 
method for supplying a minimum necessary amount of aeration 
air in the range not causing drop of breathing activity of 
the activated sludge due to decrease of dissolved oxyqen 
(DO) . 

(page 2, left upper column, line 15 to page 4, right upper 
column, line 7) 



1 



PA-32674 CD 
Ref.3 



The object of the present invention is to provide a 
dissolved oxygen control method in an activated sludge 
process which ensures such DO value not causing drop of 
activity of the activated sludge at the lowest point of DO 
near the entrance of an aeration tank and supplies a 
minimum necessary amount of aeration air, thereby, enabling 
the nature of the activated sludge to be kept good, and 
prevents over operation of an aeration blower, also 
enabling power saving to be realized. 

The above mentioned object can be realized by 
providing a dissolved oxygen control method in an activated 
sludge process including an aeration process, including: 
using difference P between oxygen partial pressure in 
aeration air and oxygen partial pressure in aeration 
exhaust gas, and aeration air amount F as measurement 
parameters; synthesizing a function from the measurement 
parameters, which has local maximum value or local minimum 
value near a dissolved oxygen concentration at which 
breathing activity of the activated sludge begins to lower; 
and controlling the aeration air amount so that the 
synthesized function becomes to the local maximum value or 
the local minimum value thereof. 

In the activated sludge process, consumption amount 
of oxygen in an aeration tank corresponds to the breathing 
rate of the activated sludge. 

The relationship between the breathing rate R r of 

activated sludge and DO is expressed by the following 
formula : 

Rr = RrmC / ( K c + C) 

(1) 

Where, is a maximum breathing rate (mgO 2 / hr-1), 

K c is a constant (ppm) , and C is DO (ppm) . This is called 
as Michaelis-Menten formula, which is a model generally 
used when oxygen reaction rate is discussed, and indicating 
the relationship between the reaction rate and a limiting 
substrate. In this case the limiting substrate is DO. Of 
course, as factors controlling R r , not only DO but also BOD 
concentration and MLSS etc. have to be considered, however, 
here it is considered that R r is a function of these. 

Incidentally, R r can be measured using difference P 
in oxygen partial pressure between the aeration air and the 
exhaust gas and aeration air amount F. That is, oxygen 
movement in the aeration tank can be expressed by the 
following formula (2) : 

(dc / dt) + R r =pFP / V 

(3 : constant, V: aeration tank (m 3 )) 

(2) 

Further, since, usually dc / dt € R r , and if 

averaging dc / dt in a constant time, dc / dt = 0, R r can 
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be measured as (3FP / V, that is FP. In Fig. 1, the formula 
(1) is illustrated by dotted line FP, this indicates that 
if DO becomes equal to or smaller than 0.2 to 0.3 ppm, the 
breathing rate rapidly lowers. Of course, although the 
relationship changes depending on the selection way of K c , 
in case of standard activated sludge method K c can be 

empirically set as K c * 0. 

Fig. 2 is a view illustrating experimental results 
when FP is plotted with respect to DO in an actual plant. 
As is clear from Fig. 2, FP lowers rapidly in a range of DO 
< 0.4 ppm, thereby, it is clear that there is a similar 
relationship to the dotted line in Fig. 1. However, the 
reason in that plots at high DO side tend to lower is due 
to the fact that R m is also affected by BOD concentration 
and MLSS . 

In this manner, since the breathing rate of the 
activated sludge lowers rapidly at low DO side, as a method 
for supplying air so as to prevent the breathing rate from 
lowering to a constant level or less, the inventor of the 
present invention found out to synthesize a function of 
FP 2 . In other words, since while FP increases as DO 
increases (dashed line in Fig. 1), p reduces on the 
contrary (one dot and dash line in Fig. 1), the curve of 
the product between them FP 2 has local maximum value near a 
range of DO = 0.4 ppm (solid line in Fig. 1) . Accordingly, 
if while measuring FP 2 in the active sludge process, 
aeration air amount is controlled so as to cause the value 
to be maximum, DO will be controlled to be near the range 
of DO = 0.4 ppm. When R r at DO = 0.4 ppm, that is at C = 
0.4, is calculated from the formula (1), it is about 80% of 
R rm (where, K c is set to 0.1 ppm), thereby, if such DO value 
could be kept at the lowest point of DO near the entrance 
of the aeration tank, at points other than the entrance, DO 
value hardly affects the breathing rate would be ensured. 
In order to cause FP 2 to have local maximum value, a method 
can be considered, in which FP 2 is differentiated by F and 
the resultant vale is set to zero. Fig. 3 is a graph 
illustrating the relationship between F and FP 2 , and since 
at an air amount in the local maximum value thereof, DO = 
0.4 ppm is satisfied, if the aeration air amount is 
controlled so as to satisfy dFP 2 / dF = 0, the local 
maximum value of FP 2 would be obtained. 

The present invention is based on the principle as 
mentioned above, and further, a case in which the present 
invention is used in an actual plant is investigated by 
means of computer simulation as follows. 

The slope AFP 2 / Af of FP 2 curve was calculated by 
the following formula using four sampling values including 
the present value of P and F. 
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AFP 2 / AF = {FP 2 (t) - FP 2 (t - 3 At) + 3 (FP 2 (t - At) - 
FP 2 (t - 2At))} / {F(t) - F(t - 3 At) + 3 (F(t - At) - F(t- 
2 At) ) } 

(3) 

Where, At is a sampling time (1.8 minutes). 
Actually, normalized value that is the resultant value 
divided by FP 2 t, is used as a control parameter D x . 

Di = {l / FP 2 (t)} • AFP 2 / AF (4) 

Although the air amount is controlled so as to cause the 
value to be zero, since characteristics illustrated in 
Figs. 1 and 2 are obtained by assuming that r„ i s 

constant, a case occurs, in which when changes DO is 

lowered too much. Therefore, in order to prevent this, the 
difference DFP between the present value of FP and the 
former value of FP is obtained, and further, using value D 2 
that is the difference DFP divided by FP, a control 
operation is combined, in which when D 2 becomes negative, 
the aeration air amount is increased. 

D 2 = {l / FP(t)} • AFP 

(5) 

In other words, as is clear from Fig. l, since the instance 
when FP lowers rapidly is a time when DO becomes equal to 
or smaller than the set value. By combining these control 
operations and according to formula (6) , the aeration air 
amount was determined. 

F(t + At) = F(t) - K 2 D 2 + K^At 

(6) 

Where, K x and K 2 are constants. Fig. 4 is a graph 
illustrating the results of simulation, and in the figure, 
black circles denote the DO, white circles denote the 
aeration air amount, and the solid line denotes R^. 
Moreover, the dashed line is a parameter defined by the 
following formula: 

K = K La V / F a 

(7) 

This is influenced by water quality and usually decreases 
as the BOD increases. Since the simulation assumes a case 
Rrm increases as the load of inflow BOD increases, 
accompanied with this K decreases, it is indicated that the 
DO is controlled within a range of 0.3 to 0.5 ppm. 

Further the present invention will be described 
specifically with reference to Fig. 5. 

Fig. 5 is a specific block diagram of an apparatus 
for embodying the method of the present invention. 

Reference numeral 1 is an aeration tank. On the 
bottom portion of the aeration tank 1, an air diffusing 
pipe 2 is provides. Waste water to be treated is guided to 
the aeration tank l, where the waste water is aerated along 



4 



PA-32674 CD 
Ref.3 



with activated sludge by air dispersed by the air diffusing 
pipe 2 . Aeration air diffused from air diffusing pipe 2 is 
conveyed from an air blower 11. This aeration air is 
discharged as exhaust gas from the surface of the waste 
water, and this exhaust gas is sampled by an exhaust gas 
capturing device 3 . The sampled exhaust gas is led into an 
oxygen analyzer 4, which detects the difference P between 
the oxygen partial pressure in the aeration air and the 
oxygen partial pressure in the exhaust gas, and transmits a 
difference in oxygen partial pressure signal P. Reference 
numeral 9 is an air flow meter for measuring the aeration 
air flow amount and transmitting an aeration air flow 
amount signal F. The signals P and F are sent into an 
operational unit 5, in which FP 2 is calculated. Further, 
the signal FP 2 and the signal F are sent into an 
operational unit 6, in which dFP 2 / dF is calculated. 
Reference numeral 7 is an operational unit for receiving 
dFP 2 / dF, and reference numeral 8 is an air flow 
controller. The operational unit 7 received the signal 
dFP 2 / dF gives an air flow target value signal to an air 
flow controller 8 so that satisfy dFP 2 / dF - 0, and drives 
a motor-driven valve 10 for air flow operation so that the 
deviation between the aeration air flow signal F introduced 
from an air flow meter 9 and the air flow target value 
signal may be zero. As a result, a minimum necessary 
amount of air may be supplied into the air diffusing pipe 
2, and the breathing activity of the activated sludge may 
not be lowered. 

Since the method of the present invention thus 
constituted can supply a minimum necessary amount of air in 
the range not causing drop of breathing activity of the 
activated sludge due to decrease of DO, it is possible to 
maintain excellent properties of activated sludge and 
realize power saving, resulting in a practically very 
useful method. 

In addition, although in the above description, the 
present invention described a case of synthesizing a 
function FP 2 having local maximum value near the dissolved 
oxygen concentration at which the breathing activity of the 
activated sludge begins to lower, a function FP 2 having 
local minimum value may be synthesized, and in this case 
the dissolved oxygen can be controlled by controlling the 
aeration air amount so that the synthesized function 
becomes to local minimum value. 

4. Brief Description of Drawings 

Fig. 1 is a graph illustrating the relationship 
between each P, FP and FP 2 and DO, respectively; Fig. 2 is 
a graph illustrating the relationship between FP and DO; 
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Fig. 3 is a graph illustrating the relationship between FP 2 
and aeration air amount; Fig. 4 is a graph illustrating the 
measured results by means of computer simulation of the 
present invention; and Fig. 5 is a block diagram for 
embodying the method of the present invention. 
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